Experimental Methods
The TAS set-up is based on a Ti:sapphire generative amplifier laser system, delivering 800 nm, 40 fs pulses at a repetition rate of 5 kHz. A fraction of this fundamental pulse is used for second harmonic generation (SHG in a BBO crystal) to generate a 400-nm pump beam. Another fraction is used to produce a white light probe pulse (supercontinuum generation in CaF 2 ) covering a spectral range from 290 to > 950 nm. The time delay between pump and probe pulses are adjusted by a stepper motor ("delay line"). The relative linear polarizations of pump and probe beams are set to magic angle (54.7°). The experimental time resolution is ~ 70 fs. The pump intensity is kept in the linear regime of excitation in order to promote the sample to its first excited state (S 1 ) with a few-percent probability. Both pump and probe beams are focused into a 0.2-mm thick flow cell containing the sample in solution. A peristaltic pump circulates the sample to refresh it between two excitation laser shots. The sample optical density (OD) at the excitation wavelength (400 nm) is 0.3 for compound 1 and 0.05 for compound 2. For temperature-dependent studies, a thin (1 mm in diameter) temperature gauge was immerged inside the sample reservoir (4 mL), itself inserted in a temperaturestabilized water bath. Quantitative kinetic analysis of the TAS experiments is done by global analysis of the TAS 2D-maps. Singular values decomposition (SVD) is performed for data reduction, and the dominating three singular transients are fitted simultaneously to multiexponential decaying functions convoluted with a Gaussian function representing the instrument response function. Irrespective of the temperatures, the minimal number of time constants required to make a satisfying global fit is of four in the case of E-1 and five for the cross-linked peptide. The results of the global analysis may be disclosed by plotting the DecayAssociated Spectra (DAS) which reveal the wavelength dependence of the pre-exponential amplitudes associated to each decay time constant. The temperature dependence of the S 1 decay time constants (τ4 and τ5) of compounds 1 and 2 are analyzed with an Arrhenius law which assumes:
Experimental Data.
, with A a preexponential factor, E A the activation energy, k B the Boltzmann constant. Figure S3 presents the plots of ln(τ) as a function of 1/T and Table S1 presents the results of the linear fits. Table S1 ). Table S1 . Result of the linear fit of the Arrhenius plots above ( Figure S3 
Computational Details.
In order to study the peptide conformational changes, the bare peptide and the cross-linked peptide (compounds E-2 and Z-2) were placed in a cubic box with side length 67.6913 Å, 66.8257 Å and 66.7747 Å, respectively. Then, the boxes were filled with water molecules represented by the TIP3P model 1 (10140, 9709 and 9696 water molecules, respectively).
We used the AMBER99SB force field 2 for the peptide and the generalized AMBER force field (GAFF 3 ) for the switch. Because of the thermal stability of separated E and Z isomers at 300 K, 4 charges have been calculated for both E and Z isolated molecules at the Hartree-Fock level of theory in the framework of the Merz-Singh-Kollman scheme, 5, 6 after geometry optimization with the B3LYP 7 functional. The generated MM switch parameters were validated by calculating a scan around the isomerizable formal double bond at the GAFF and MP2 level (see Figure S4 ). Moreover, a chloride anion was added to get a neutralized system. Figure S4 . Ground state energy scan around the isomerizable C=C double bond (E isomer) at the MM and MP2 level of theory.
Regarding compound 1 in MeOH, the model system was placed in a cubic box of initial size 4.699 × 4.699 × 4.699 Å containing 395 solvent molecules. The switch was treated as previously described and again, a chloride anion was added to electroneutralize the model. For comparison with ultrafast spectroscopy experiments, a simplified model of 1 was embedded in an explicit cubic box of MeOH molecules. The simplification consists in replacing the t Bu group of each BOC (tert-butyloxycarbonyl) moiety with a methyl group. This structural modification reduces the computational time and should have almost no effect on the photochemistry since the chromophore stays intact. Again, the switch has been represented by the GAFF, while methanol molecules are modeled by a force field developed by Dang et al. 45 Since the interest related to the photoswitch 1 in MeOH concerns mainly its photochemistry (i.e. no conformational study is needed), this model was equilibrated in the canonical (NVT) and isothermal-isobaric (NPT) ensembles (300 K, 1 atm) without calculating additional MD trajectories.
All studied systems were first equilibrated in the isotherm (NVT) and isobar (NPT) ensembles to reach a temperature of 300 K and a pressure of 1 atm, before running the production dynamics (not required for compound 1).
The optimized model 1 and 50 MD snapshots of the E-2 and Z-2, were extracted to calculate the electronic vertical transitions at the time dependent (TD-)DFT/MM level of theory, after calibration with the multiconfigurational MS-CASPT2//SA-2-CASSCF/MM level of theory. The selected criterion to extract MD snapshots was the sulphur-sulphur distance (spanning ca. 10 Å for both isomers), which was found to be of particular relevance for conformational analysis. Finally, the absorption spectra were built as a convolution of Gaussian functions.
QM/MM models were built for the simplified compound 1 and compound 2. More precisely, while the QM/MM frontier does not involve any covalent bond for the simplified compound 1 (the switch is entirely in the QM region, surrounded by MeOH solvent molecules in the MM region), two hydrogen link atoms (HLAs) are needed to treat the boundaries between the switch and the rest of the peptide on compound 2. The HLAs are therefore placed along the C-C single bonds connecting the cysteine residues to the C=O moieties of the switch (see Figure  1B in the main text), and the Morokuma scheme is applied to keep the HLAs aligned during QM/MM optimizations and non-adiabatic dynamics. 8 Combined with the molecular mechanics force field, the Møller-Plesset perturbation theory to the 2 nd order (MP2) was used to optimize structures on the electronic ground state. The MP2/MM optimized structures of model 1 and of two most significant E-2 conformers, were considered as starting geometries for the calculation of the E-to-Z minimum energy paths (MEPs) at the SA-2-CASSCF level. Along the MEP calculations, a radius of 15 Ångstroms around the molecular switch (QM region) is allowed to optimize at the MM level, including water molecules, peptide backbone and side chains.
The State Averaged-Complete Active Space Self Consistent Field (SA2-CASSCF) was used to calculate minimum energy paths and non-adiabatic dynamics, including the electronic ground state and the first two excited states, averaged with equal weights. The active space selected was 12 electrons in 12 orbitals (see Figure S5 ). The step size used in the MEP simulations was 0.1 a.u. (in normalized mass-weighted coordinates) for all calculations. The conical intersections were characterized by calculating the non-adiabatic coupling vectors (i.e. derivative coupling (DC) and gradient difference (GD) vectors), in order to determine the S 1 /S 0 crossing topology. The Multi State-Complete Active Space Perturbation Theory to the 2 nd order (MS-CASPT2) method was used to correct the SA-CASSCF energies, including an imaginary shift of 0.2 and no IPEA shift. Figure S5 . π* and π orbitals included in the active space used for CASSCF and CASPT2 calculations.
Electronic Transitions of the Simplified Compound 1.
The optical bright state is the first singlet excited state S 1 . The excitation energies calculated for both, the equilibrated (NVT and NPT) and the S 0 optimized structures (after equilibration), are in very good agreement with the experimental one (Table S2 ). The electronic transition is described by the excitation of one electron from the HOMO to the LUMO (see Figure S6 ). The HOMO orbital is a π orbital centered in the photoisomerizable CC double bond and also on one phenyl ring. Whereas, the LUMO is a π* orbital centered in the same CC double bond and partially in the C=N bond of the five membered ring. Figure S6 . CASSCF molecular orbitals describing the electronic nature of the optically bright state of compound 1.
MD Analysis.
As described in the main text, 10 MD simulations were run for compounds E-2 and Z-2. Some key parameters were analyzed for each trajectory as the SS distance and the distribution of the dihedral angles ϕ E and ϕ Z . The first parameter is important in order to measure the change in end-to-end length of the photoswitch after isomerization. Regarding the dihedral analysis, we check that both isomers do not interconvert along the simulation, that is, no thermal isomerization is taking place. We select one representative simulation to illustrate these analyses. The SS distance and the ϕ E and ϕ Z distributions are shown in Figures S7 respectively. Figure S7 . SS average distance analysis along time (50 ns, corresponding to one of the 10 MD simulations performed) for the peptide cross-linked with the A) E isomer and B) Z isomer. Distribution of one of the dihedral angles involved in the photoisomerization for the peptide cross-linked with the C) E isomer and D) Z isomer.
Then, a cluster analysis for the bare peptide and the peptide cross-linked with the E isomer was performed in order to check the system heterogeneity in the ground state. With this aim, average structures of the peptide conformations were calculated using the "g_cluster" tool of GROMACS. The gromos method and a backbone root mean square deviation (RMSD) cutoff of 0.47 nm were selected. With these criteria, 31 and 39 clusters were found respectively but, in both cases, only two of them are the main ones (population >10%, Table S3 ). Moreover, for both systems one cluster structure is characterized by a larger SS average distance (see Table  S3 ). 6. Absorption Spectra of E-2-C1 and E-2-C2.
The E isomer ground state is structurally heterogeneous and two main conformations have been found (see MD analysis), denoted cluster 1 (C1) and cluster 2 (C2). We have simulated the absorption spectra for different snapshots of each cluster at the MS-CASPT2//SA2-CASSCF/MM level of theory. The optically bright state is the first singlet excited state S 1 . The spectra of both clusters are shown in Figure S8 . They are nearly identical, equally broad, and centered around 380-390nm, indicating that both clusters are not spectroscopically distinguishable. The experimental spectrum shows a broad band with its maximum around 375 nm. Figure S8 . Absorption spectra simulated for both clusters, C1 and C2 of the E isomer.
Absorption Spectra Calibration: TD-DFT/MM vs. CASPT2/MM .
We simulated the absorption spectrum for 10 snapshots of each the E and the Z isomer cross linked peptide (20 snapshots total) at the MS-CASPT2//SA2-CASSCF/MM level of theory. This method is computationally expensive so we use it as a benchmark to assess the accuracy of the spectra computed from the same snapshots at the TD-DFT/MM level of theory using the M062X functional. The results are displayed in Figure S9 . At the TDDFT/MM level, both spectra are blue shifted of around 20 nm but, the nature of the electronic transition and the relative intensities are in agreement. Therefore, we decided to increase the statistic up to 50 snapshots for each system and calculate the spectra at the TDDFT/MM level of theory, computationally less expensive ( Figure 2C in the main text). 
Minimum Energy Paths for E-2-C1 and E-2-C2.
The minimum energy paths were calculated for C1 and C2 at the SA2-CASSCF(12,12)/MM. The photochemistry of both clusters is found to be very similar. From the Franck-Condon structure the system minimizes the energy by activation of the stretching mode (elongation of the C=C bond) reaching an almost planar minimum in S 1 ( Figure S10 ). From there, the system has to overcome an energy barrier of 8.48 and 5.22 kcal·mol -1 at the SA2-CASSCF/MM level of theory.
Once reached the TS structure the system can evolve minimizing the energy along the torsion coordinate upon reaching the conical intersection with the ground state, S 0 . Two main paths are possible after the decay to the ground state, internal conversion of photoproduct formation ( Figure S11 ). Figure S10 . MEP from the FC structure to the minimum in S 1 for A) E-2-C1 and B) E-2-C2.
Figure S11. Minimum energy paths for A) E-2-C1 and B) E-2-C2.
Moreover, the structural changes of the C1 conformer along the MEP, including the effects on the amino acids in the vicinity of the molecular switch, are shown in Figure S12 . Finally, a structural comparison between E-1, E-2-C1 and E-2-C2 is given in Table S4 , in terms of the main geometrical parameters of the molecular switch along the S 1 pathway. Table S4 . Structural comparison between E-1, E-2-C1 and E-2-C2 along the photoreaction pathway. deformation: when this becomes <0, the double bond acquires single bond character which enables torsional motion around φ CCCC .
E-1 E-2-C1 E-2-C2
ii) the charge transfer character is calculated by splitting the chromophore in two fragments at the vinyl CH moiety (see Figure 2D ) . The numbers in that line of the table are the charge predicted to sit on the six-membered ring directly bound to the photoisomerizable C=C bond.
iii) predicted from the 1D (E-1) or 2D (E-2, see figure 9 ) PES sampling at the CASPT2 level, see below.
CASPT2//CASSCF Energy Profile of the Molecular Switch in MeOH, C1 and C2 in H 2 O.
Single point energy corrections at the MS-CASPT2 level have been done along the minimum energy path calculated at the SA2-CASSCF/MM level of theory for the three systems under study: E isomer in MeOH and the E and Z isomer cross-linked peptide in water. As observed in Figure S13 , a good agreement between CASSCF and CASPT2 relative energies and TS energies is found. Figure S13 . CASPT2 single energy corrections along the CASSCF minimum energy paths of the A) E isomer in MeOH, B) E-2-C1 and C) E-2-C2.
Cartesian Coordinates of the Most Relevant Optimized Structures.
FC STRUCTURE E-1 MINIMUM S 1 E-1 C 9.19432000 -1.30633000 2.73441000 H 9.00868000 -2.11668000 3.42506000 H 9.52506000 -1.69616000 1.78226000 H 9.92106000 -0.62195000 3.13896000 O 8.00622000 -0.53466000 2.56256000 C 6.96496000 -1.12872000 2.03417000 O 6.90800000 -2.25503000 1.66274000 N 5.91964000 -0.21723000 1.99381000 H 6.14322000 0.67706000 2.37908000 C 4.67718000 -0.36679000 1.47843000 C 4.21989000 -1.52591000 0.80721000 C 2.94290000 -1.58024000 0.34935000 H 2.64373000 -2.45022000 -0.19667000 H 4.89054000 -2.34218000 0.64661000 C 3.78929000 0.74471000 1.63441000 H 4.15095000 1.64472000 2.09502000 C 2.49798000 0.67037000 1.18567000 H 1.85157000 1.51757000 1.30902000 C 1.99298000 -0.50679000 0.54855000 C 0.62572000 -0.51973000 0.16297000 H 0.09830000 0.37973000 0.41263000 C -0.15008000 -1.50603000 -0.49880000 C 0.23024000 -2.93490000 -0.86008000 H 0.86095000 -2.94506000 -1.74432000 H 0.75984000 -3.44156000 -0.06534000 C -1.11620000 -3.63089000 -1.14212000 H -1.39454000 -4.29793000 -0.33100000 H -1.10549000 -4.20852000 -2.05787000 N -2.04539000 -2.52820000 -1.23942000 H -2.91645000 -2.60228000 -1.71702000 C -1.52016000 -1.32956000 -0.85870000 C -2.36849000 -0.15322000 -0.74946000 C -1.91266000 1.13934000 -1.06670000 C -2.77571000 2.22190000 -1.02306000 H -2.41581000 3.19794000 -1.28924000 H -0.90694000 1.29401000 -1.41001000 C -3.71702000 -0.28922000 -0.36806000 H -4.08841000 -1.25637000 -0.09016000 C -4.57198000 0.78584000 -0.30821000 H -5.59084000 0.64410000 -0.01256000 C -4.11351000 2.05755000 -0.64686000 N -4.92183000 3.20137000 -0.60709000 H -4.45818000 4.08117000 -0.56351000 C -6.26669000 3.26016000 -0.79819000 O -6.99957000 2.32927000 -0.94162000 O -6.65472000 4.52476000 -0.80144000 C -8.03521000 4.77281000 -1.02311000 H -8.31328000 4.46967000 -2.02120000 H -8.63792000 4.24084000 -0.30374000 H -8.15802000 5.83594000 -0.90581000 TS S 1 E-1 C 9.18155200 -1.22689100 2.59737500 H 9.03594900 -2.09055500 3.22770700 H 9.49513000 -1.53431700 1.61209200 H 9.90257500 -0.55776500 3.03451200 O 7.97141300 -0.47717300 2.51633800 C 6.93660300 -1.05265800 1.95518900 O 6.90343100 -2.14632400 1.49643000 N 5.86755600 -0.17203300 2.01028100 H 6.06554100 0.68050300 2.49072300 C 4.61905300 -0.31046100 1.50110000 C 4.20025700 -1.39116600 0.68932800 C 2.91386600 -1.45087200 0.25900000 H 2.63527100 -2.25489700 -0.38910500 H 4.90469600 -2.14153900 0.40268300 C 3.68948300 0.72937900 1.81912900 H 4.02280000 1.57924800 2.38335700 C 2.38621200 0.63815400 1.42167800 H 1.69858700 1.41786300 1.68825400 C 1.91495300 -0.47963200 0.65362900 C 0.53747100 -0.56730700 0.38500000 H -0.06642800 0.14677300 0.91311600 C -0.21165700 -1.58294600 -0.32685200 C 0.20763300 -2.99545400 -0.69946000 H 0.88992100 -2.98170100 -1.54627200 H 0.69097300 -3.52191800 0.11144800 C -1.11843500 -3.66921900 -1.09851100 H -1.49737600 -4.29865700 -0.29900200 H -1.03319100 -4.27384200 -1.99007300 N -2.00471500 -2.54725800 -1.31683100 H -2.81518100 -2.60130800 -1.89222500 C -1.49940200 -1.36729700 -0.86596900 C -2.34718900 -0.18039800 -0.79219000 C -1.85544800 1.11265800 -1.02877700 C -2.70786700 2.20411100 -0.99981300 H -2.32068100 3.18397100 -1.20451800 H -0.82313400 1.26637200 -1.28094600 C -3.71451900 -0.31457500 -0.50050900 H -4.11220800 -1.28646000 -0.28501800 C -4.56040800 0.76989000 -0.44708400 H -5.59563900 0.63078500 -0.21721100 C -4.06861200 2.04487200 -0.71055800 N -4.86315900 3.19784800 -0.67861900 H -4.39138800 4.07175400 -0.60838900 C -6.20902700 3.27598100 -0.85781200 O -6.95355400 2.35698800 -1.01811400 O -6.58370600 4.54404100 -0.82943800 C -7.96269200 4.81088000 - 
